Kougioumoutzis K., tiniakou a., georgiou o. & georgiadis t.: Contribution to the flora of the south aegean Volcanic arc: anafi island (Kiklades, greece). the island of anafi, located in the southern Kiklades in greece, constitutes together with the santorini island group the central part of the south aegean Volcanic arc. the flora of anafi consists of 635 taxa, 128 of which are under a protection status, 37 are greek endemics and 181 are reported here for the first time. We show that anafi has the highest percentage of greek endemics in the south aegean Volcanic arc. the known distribution of the endemics Sedum littoreum var. creticum and Sternbergia greuteriana is expanded, being reported for the first time for the phytogeographical region of the Kiklades, and the indigenous presence of Phoenix theophrasti in anafi is confirmed. Calculating the floristic cross-correlation between anafi and the other parts of the south aegean Volcanic arc by means of sørensen's index revealed that phytogeographical affinities are somewhat stronger to milos than to the neighbouring santorini.
Introduction
the island of anafi (Fig. 1) has a special geographical, biogeographical and ecological position in the aegean area. it is located in the southern part of the phytogeographical area of the Kiklades and is well isolated from the neighbouring larger islands of amorgos, santorini and astipalea, because it was never connected to the Cardaegean Peninsula (anastasakis & dermitzakis 1990; anastasakis & al. 2006; Lykousis 2009 ). despite its small size (c. 38 km 2 ) it is characterised by a great variety of geological substrates (Philippson 1959; melidonis 1962 , 1963 , 1983 reinecke & al. 1982; Böger 1983; Leichmann & hejl 2006) . together with santorini, anafi constitutes the central part of the south aegean Volcanic arc (saVa), irrespective of the differences in geological structure of anafi as compared with other parts of the saVa (Leichmann & hejl 2006) . the saVa (Fig. 1) is one of the most important geological structures of the mediterranean area and forms a belt of volcanic centres, consisting of products ranging in composition from basaltic, andesitic, dacitic to rhyolitic, all of them displaying a typical calc-alkaline chemical character (innocenti & al. 1981) . the Pliocene-Quaternary saVa is a result of the subduction of the african plate beneath the aegean-anatolian microplate (anastasakis & Piper 2005) and is located about 130 -150 km above the seismically defined Benioff zone (makropoulos & Burton 1984) .
anafi is built up by four major tectono-stratigra phic units (reinecke & al. 1982; Böger 1983) : (a) paleogene flysch, (b) a series of greenschists, (c) high temperature metamorphic rocks with associated granitoid intrusions of latest Cretaceous age and (d) the sedimentary theologos formation, which comprises mainly fluvial and lacustrine deposits of Plio-to Pleistocene age (Vorwerk, unpublished diploma thesis, university of Kiel 1979) . Leichmann & hejl (2006) state that the volcanism of anafi island is of Plio-Pleistocene age and produced felsic, most probably rhyolitic magmas and suggest that the volcanism on anafi has been developed in a similar geotectonic environment as in other volcanic centres of the arc.
the study area is mainly mountainous with an intense relief, the highest peak being mt Vigla (580 m). several sandy beaches can be found by the coast. the hydrographical network is relatively well developed. there are numerous springs feeding runoff in some streams for several months, due to the easterly rain-bringing winds.
anafi island is situated in an arid part of greece (Kotini-zampakas 1983; Lienau 1989; ministry of development, 2003) . the climatic diagram of emberger (1952) and sauvage (1961) places the study area into the arid bioclimatic zone with a mild winter. the xerothermic index (Bagnouls & gaussen 1953) indicates that it belongs to the pronounced thermo-mediterranean zone, with a long dry period from early may to mid-september.
the first botanists who reported on plants from anafi island were renz in 1927 and von Wettstein in 1934 Wettstein in (rechinger 1943 . most records, however, are from rechinger (1943) , and in more recent times from snogerup (1994), runemark (1996, 2000, 2006) , Phitos & al. (1995 Phitos & al. ( , 2009 Phitos & al. ( ), strid & tan (1997 Phitos & al. ( , 2002 , Biel (2005) and thanopoulos (2007) . several taxa were also reported in the frame of the natura 2000 research program. arne strid (Ørbaek, denmark) put an unpublished floristic checklist of the study area to our disposal. information on some endemic taxa occurring in the area is given by tan & iatrou (2001) .
Phytogeographical aspects of the flora of the island of anafi have, however, not yet received the attention they deserve. therefore, the present study aims at a thorough investigation of the flora of anafi and its affinities to the large islands and peninsulas of the south aegean Volcanic arc, namely aegina (Vallianatou 2005) , methana Peninsula (Kougioumoutzis & al. 2012) , milos (rechinger 1943; strid & tan 1997 , 2002 Browicz 1997; tan & iatrou 2001 , raus 2012 , santorini (hansen 1971; raus 1986, 1988; tan & iatrou 2001) and nisiros (Papatsou 1974; Burton 1991; strid & tan 1997 , 2002 ).
Material and methods
several field trips into the study area were carried out in spring and autumn of 2010 and 2011 in order to acquire an integrated knowledge of the flora and vegetation of anafi. the collected specimens are deposited in the herbarium of the Botanical museum of the university of Patras (uPa). For the list of new records (see results), the collection sites on anafi are coded as follows:26. 110 m, 36°22'46.9''n, 25°45'11.0''e 27. 129 m, 36°22'49.0''n, 25°45'14.6''e 28. 5 m, 36°22'41.8''n, 25°45'28.8''e 29. 322 m, 36°21'36.0''n, 25°47'54.4''e 30. 244 m, 36°21'42.8''n, 25°47'58.9''e 31. 271 m, 36°21'48.9''n, 25°48'27.8''e 32. 134 m, 36°21'41.8''n, 25°49'29.4''e 33. 180 m, 36°21'15.9''n, 25°50'16.6''e 34. 209 m, 36°21'20.7''n, 25°46'32.4''e 35. 128 m, 36°22'43.7''n, 25°47'2.6''e 36. 120 m, 36°22'53.6''n, 25°47'24.4''e 37. 11 m, 36°23'5.2''n, 25°47'50.3''e 38. 50 m, 36°21'40.9''n, 25°49'39.4''e 39. 40 m, 36°21'45.6''n, 25°49'38.4''e 40. 0 m, 36°21'17.1''n, 25°49'29.4''e 41. 12 m, 36°22'17.8''n, 25°44'7.0''e 42. 42 m, 36°20'45.9''n, 25°46'46.9''e 43. 11 m, 36°21'13''n, 25°49'1.7''e 44. 277 m, 36°21'27.8''n, 25°46'23.4''e 45. 361 m, 36°22'28.7''n, 25°45'43.3''e 46. 96 m, n36°22'31.4''n, 25°45'0.5''e 47. 16 m, n36°22'42.4''n, 25°44'29.2''e 48. 22 m, 36°22'10.4''n, 25°44'7.6 ''e 49. 112 m, 36°21'15.9''n, 25°48'4.1''e 50. 275 m, 36°21'8.23''n, 25°50'22.6 ''e 51. 13 m, 36°21'20''n, 25°49'26.5''e 52. 133 m, 36°22'44.3''n, 25°47'2.7''e 53. 8 m, 36°20'57.6''n, 25°47'44.5''e 54. 47 m, 36°20'58.3''n, 25°47'15.7''e 55. 26 m, 36°20'42.4''n, 25°46'30''e 56. 57 m, 36°22'2.5''n, 25°44'20.3 ''e 57. 27 m, 36°22'10.8''n, 25°44'7.2''e 58. 79 m, 36°22'30.7''n, 25°45'1.5''e 59. 1 m, 36°22'42.5''n, 25°44'29.9''e 60. 331 m, 36°22'13.2''n, 25°45'52.5''e 61. 289 m, 36°21'5.0''n, 25°50'24.6 ''e the collecting dates are coded in the list of new records by small letters, denoting: a = 26.3. -30.3.2011; b = 26.4. -30.4.2011; c = 28.5. -31.5.2011; d = 19.11. -20. 11.2011. species identification and nomenclature in general follow tutin & al. (1968 -80, 1993), davis (1965 -85) , Pignatti (1982 Pignatti ( ), tan & iatrou (2001 Pignatti ( ), greuter & al. (1984 Pignatti ( -89), greuter & raab-straube (2008 Pignatti ( ) and strid & tan (1997 Pignatti ( , 2002 . species identification and nomenclature of the genera Bupleurum, Centranthus, Cynara, Tordylium and Anchusa are, however, according to snogerup & snogerup (2001 ), richardson (1975 ), Wiklund (1992 ), al-eisawi & Jury (1988 ) and selvi & Bigazzi (2003 , respectively. For family delimitation we follow aPg iii (2009) . the nomenclature and status of the endemic taxa recorded from anafi is based on tan & iatrou (2001) and georghiou & delipetrou (2010) . the status of the alien taxa occurring in the study area is according to arianoutsou & al. (2010) . the life-form categories follow raunkiaer (1934), while Pignatti's (1982) classification was used for the chorological analysis.
sørensen's index (sørensen 1948) and the statistical software sPss 19 were used to calculate the cross-correlation between the islands.
Results

New records for the flora of Anafi
our literature survey and evaluation revealed 454 vascular plant taxa so far reported for anafi island (rechinger 1943; snogerup 1994; runemark 1996 , 2000 Phitos & al. 1995 Phitos & al. , 2009 strid & tan 1997 , 2002 tan & iatrou 2001; Biel 2005; thanopoulos 2007; strid pers. comm.) . our own field investigations added further 181 taxa as new to anafi, which are listed in the following and raise the number of vascular plants of anafi island to 635 taxa, belonging to 314 genera and 79 families (table  1) . seventeen alien taxa are included in the plant list, but have not been considered in the floristic analysis. names of taxa not native to the area are given in square brackets.
abbreviations: KK = observation or collection by K. Kougioumoutzis; obs. = field observation; phot. = photograph; collections sites are coded with the numbers and followed by the letter coding the collecting period as indicated in the lists of collecting sites and dates in the material and methods section.
Life forms are coded as follows: therophytes (t): tcaesp = caespitose t., tpar = parasitic t., trept = reptant t., tscap = scapose t., tsucc = succulent t.; geophytes (g) gbulb = bulbose g., grhiz = rhizomatous g.; hydrophytes (i): irad = radicose h.; hemicryptophytes (h): hbienn = biennial h., hcaesp = caespitose h., hrept = reptant h., hros = rosulate h., hscap = scapose h.; chamaephytes (Ch): Chsuffr = suffruticose c., Chfrut = fruticose c.; phanerophytes (P): Pcaesp = caespitose p., Pscap = scapose p.; Megaphanerophytes (mP); Nano-phanerophytes (nP).
Chorological types are coded as follows (where appropriate, the types are further narrowed by the ab- KK 304; 10, a, KK 589; 23, b, KK 843, 828, 841; 26, b, KK 933, 953; 22, b, KK 997; 22, b, KK 1005; 24, b, KK 1088; 31, b, KK 1346; 32, b, KK 1399; 29, b, KK 1213 29, b, KK , 1226 30, b, KK 1421 30, b, KK , 1430 ; 35, b, KK 797; 22, b, KK 990, 1014; 24, b, KK 1069 24, b, KK , 1071 24, b, KK , 1072 24, b, KK , 1070 24, b, KK , 1306 29, b, KK 1200; 25, b, KK 1258; 31, b, KK 1324 31, b, KK , 1325 44, c ; 7, a, KK 85, 86, 103; 20, a, KK 336, 337; 28, b, KK 1150 28, b, KK , 1153 33, b, KK 1373. Limonium palmare (sm.) rech. f. -Chsuffr, endem.; strid, pers. comm.; 6, a, KK 537, 538; 28, b, KK 1151 28, b, KK , 1152 28, b, KK , 1154 41, b, KK 1468 41, b, KK , 1463 41, b, KK , 1464 40, b ; 7, a, KK 80, 81, 85, 86, 87, 102; 51, c, KK 1706; 53, c, KK 1765; 48, c 
Flora of Anafi island
thirty-seven of the 635 vascular plant taxa of anafi are greek endemics, nine of which we newly recorded for the study area. thirty-four of our new records and 128 taxa overall are under a protection status. the most species-rich families in the flora of anafi are the Asteraceae (91 taxa), followed by the Fabaceae (81 taxa) and Poaceae (72 taxa). these three families account for more than one third of the total flora (38.4 %). Apiaceae (28 taxa), Caryophyllaceae (28 taxa), Brassicaceae (23 taxa) and Lamiaceae (19 taxa) are also well represented.
therophytes are the dominating life form (table 2), followed by hemicryptophytes, geophytes, chamaephytes and phanerophytes.
according to the general distribution of its taxa, the local vascular flora of anafi can be classified into thirteen main chorological groups (table 3) .
the 37 greek endemics, representing c. 6 % of the total flora, are discussed separately, below. the mediterranean chorological group predominates, highlighting the geographical position and climatic characteristics of anafi. Within this group, the stenomediterranean elements are dominant. the other elements are represented in lower percentages, with a relatively high portion of cosmopolitan and subcosmopolitan, and also of invasive elements, indicating intense human impact in the study area.
the alien flora of anafi comprises 17 taxa (2.68 %), belonging to 16 genera and 14 families. the neophytes amount to 73.3 % of anafi's alien flora and the most prominent among the invasive species are Opuntia ficusindica (L.) mill., Agave americana L. and Oxalis pescaprae L. which occupy large areas. East Mediterranean elements -the remarkably high percentage of the east mediterranean elements (17.96 %) may possibly reflect the unique position of anafi, as it is found on the borderline of three phytogeographical regions, namely the Kiklades, the east aegean islands and Kriti and Karpathos. among the many anatolian elements (111 taxa) found in anafi, there are three that underline the importance of anafi as a crossroad for plant taxa migrating further west through multiple routes. Medicago heyniana is a species distributed in Kasos, Karpathos, zafora, tilos, rhodos, amorgos, anafi and the marmaris Peninsula in turkey (thanopoulos in Phitos & al. 2009 ) and poses an excellent example of the westward migration route from anatolia to the central aegean.
Reseda odorata is a species known only from southcentral Kriti, gavdos, anafi and Libya (turland in Phitos & al. 2009 ); its present distribution indicates a southern migration route of originally anatolian elements. a very interesting record is Phoenix theophrasti, a species known to occur in southwestern turkey and in greece, mainly in Kriti, and in a single locality in the Peloponnese. its indigenous presence in anafi has been questioned so far (thymakis in Phitos & al. 2009 ). We found several individuals to occupy similar ecological niches as in the locus classicus (stream banks near sea level), which is a strong indication that this species is actually native to anafi. therefore we consider P. theophrasti an indigenous member of the flora of the Kiklades. it could be argued that in the past the species probably covered a much larger area in anafi, as it is found in four different and distant locations on the island. a population of P. theophrasti, however, found on the island of milos growing in a small wetland by a watercourse and consisting of 10 mature trees and about the same number of saplings, is yet supposed naturalised from prior human import (raus 2012).
it is also worth mentioning that Hyoscyamus aureus was found for the first time in the phytogeographical region of the Kiklades. Previously it was only known from Kriti and some east aegean islands (zervou 2011).
another interesting new record from anafi is Sonchus bulbosus subsp. microcephalus, a taxon distributed mainly in Cyprus, syria, Lebanon and turkey (Lamond 1975) , with the aegean region bridging the total range towards the recently retable 3. Chorological groups in the flora of anafi island.
Chorological group
Number of taxa % table 6 . greek endemic taxa in anafi and their geographical distribution. -ioi = ionian islands, ste = sterea hellas, Pe = Peloponnisos, Kik = Kiklades, KK= Kriti and Karpathos, eae = east aegean islands, nPi = north Pindhos, sPi = south Pindhos, eC = east Central, nC = north Central, ne = north east, nae = north aegean islands, Wae = West aegean islands. 67/1981 (1981) , on the protection of the native flora and wild fauna of greece rdB: red data Book of rare and threatened plants of greece (Phitos & al. 1995 (Phitos & al. , 2009 , with the following classification system: r: the species population is rare. natura 2000 (dafis & al. 1996) : the database created after the directive 43/1992, where the plants are evaluated as: B: greek endemics, d: other. WCmC: the directive for the threatened (endangered, Vulnerable, rare or data deficient) taxa according to the World Conservation monitoring Center corded westernmost occurrence of that taxon by the yalova lagoon in southwestern Peloponnese (Koutroumpa, unpublished diploma thesis, university of Patras 2011).
Endemism -according to tan & iatrou (2001) , 1640 taxa are found in the phytogeographical region of the Kiklades, 157 of which are greek endemics (9.38 %) according to georghiou & delipetrou (2010) . the number of 37 endemic taxa of anafi (table 4) , making up c. 6 % of its flora, is low compared to the total, but taking into consideration the small size of the study area (c. 38 km 2 ), its geographic position not close to known areas of high endemism and the unfavourable semiarid climate, this percentage of endemism is rather significant. Furthermore, compared to the levels of endemism in other parts of the saVa, yet with much larger size than that of the study area such as aegina, methana Peninsula, santorini, milos and nisiros (3.04 %, 5.65 %, 3.40 %, 5.42 % and 2.19 %, respectively; table 4), the level of endemism in anafi is remarkably high, actually the highest in the saVa.
the endemic species belong to sixteen families and thirty genera. the highest degree of endemism is found in the Campanulaceae (50 %). Families also rich in endemic species in absolute numbers are the Asteraceae and Caryophyllaceae (table 5) , their degree of endemism (10.99 % and 14.29 %, respectively) being higher than that of the general flora. these results agree with the trend observed in the whole greek endemic flora (georghiou & delipetrou 2010) .
the majority (22) of the greek endemic taxa found on anafi are present in three or more phytogeographical areas (table 6) . the remainder of the endemic taxa provide valuable information regarding the phytogeographical position of anafi, as the existence of biregional endemics is a good indication of phytogeographical connections between regions (georghiou & delipetrou 2010). it would be expected that anafi shows higher affinities with the phytogeographical area of the east aegean islands, since, according to georghiou & delipetrou (2010) among the 37 greek endemic taxa, Sedum littoreum var. creticum and Sternbergia greuteriana are the most interesting ones as they are first recorded for the entire phytogeographical area of Kiklades. Previously they were thought to be confined to Kriti and Karpathos.
the nature conservation status of the greek endemic taxa of anafi as well as their evaluation status within the natura 2000 network is shown in table 7. twenty-nine out of thirty-seven endemic taxa are under a protection status.
Phytogeographical relationships within the South Aegean Volcanic Arc (SAVA)
the active volcanic arc consists of several centres situated along a west-east extending belt between the saronic gulf and the island of nisiros. methana Peninsula, together with aegina, milos, santorini and nisiros constitute a large part of the saVa and are floristically well known. therefore, we focus on these five areas in order to examine the phytogeographical affinities of anafi island within the saVa. milos and santorini are in the same bioclimatic zone and phytogeographical region (Kiklades) as the study area. methana Peninsula and aegina are in the same bioclimatic zone as anafi, but in different phytogeographical region, while nisiros has a more humid climate and is situated in the eastern part of the aegean sea.
in table 8 sørensen's index values for each island pair show that milos has the strongest phytogeographical affinity with anafi.
Discussion
the high percentage of therophytes (56.15 %) and of leguminous taxa (12.76 %) indicate disturbance in mediterranean ecosystems (naveh 1974; arianoutsou & margaris 1981; Barbero & al. 1990; Panitsa & al. 1994 Panitsa & al. , 2003 Panitsa & tzanoudakis 1998) . although intense stock farming has now ceased in anafi, the floristic character of the island is clearly altered due to the high local amount of cosmopolitan elements (6.47 %).
according to arianoutsou & al. (2010) , the total number of alien taxa accounts for c. 5 % of the native flora of greece and is significantly higher than that of anafi (2.68 %). nevertheless, in anafi where abandoned grazing grounds and farm lands occupy large areas, Opuntia ficus-indica and Agave americana have heavily contaminated and altered these habitats which would otherwise be colonised by native pioneer herbs and shrubs. this phenomenon is also observed in other aegean islands (arianoutsou & al. 2010) . the high percentages of chamaephytes and hemicryptophytes depend on the frequency of limestone cliffs which very often harbour endemic taxa (Kypriotakis 1998; Kypriotakis & tzanoudakis 2001; tzanoudakis & al. 2006) . indeed, more than one third (37.84 %) of the endemic flora of anafi are chamaephytes or hemicryptophytes and located in the Kalamos Peninsula, which, according to snogerup (in Phitos & al. 1995) , is among the most important cliff refugia in the aegean.
anafi is floristically more diverse than the other parts of the saVa, probably because of the increased habitat diversity due to the greater topographic and geological heterogeneity it presents (mountainous relief with many different inclinations and exposures, and numerous geological substrates of different age), factors known to promote species richness (Whittaker & Fernández-Palacios 2007; sfenthourakis & triantis 2009) , and owing to its geographical position, as in the study area several migration routes of organisms of a south-or eastward origin intersect. our results are in accordance with sfenthourakis & Panitsa (2011) who state that diversity at the whole-island scale is shaped mainly by heterogeneity among local communities in small aegean islands. the number of species per surface unit is an important parameter of aegean vascular plant diversity, regarding the conservation of the diversity of the aegean area (Panitsa & tzanoudakis 2010) . anafi seems to be a biodiversity hotspot, as it hosts nearly twice (17 species/km 2 ) the number of taxa compared to the Leros islets group (9.31 species/km 2 , Panitsa & tzanoudakis 2010), forty times the taxa compared to the whole east aegean area (0.4 species/km 2 , Panitsa & tzanoudakis 2010) and thirty times the number of taxa compared to the Kiklades (c. 0.54 species/km 2 , Phitos & al. 1995 ). according to strid & tan (1997) , the phytogeographical region of Kriti and Karpathos has strong connections to that of the Kiklades, especially as the dry southeastern islands are concerned. some of the east mediterranean and endemic taxa found in the study area provide useful information regarding the biogeographical position of anafi, as that island seems to harbour the northernmost populations within their total distribution range, hence suggesting a close phytogeographical relationship between anafi and Kriti. this concerns Reseda odorata, Phoenix theophrasti, Campanula laciniata, Sedum littoreum var. creticum, Erysimum candicum subsp. candicum, Sternbergia greuteriana and Stachys spinosa.
Finally, the flora of anafi is more similar to that of milos and santorini (Kiklades) than to that of aegina and methana Peninsula, as was to be expected. the historical and recent volcanic eruptions on santorini probably explain the lower floristic affinities between santorini and anafi despite their close proximity. snogerup & al. (2006) state that all Kiklades islands have their main floristic connections towards the west, i.e. to the european mainland, and that the floristic divide between europe and asia ("rechinger's line") falls between the Kiklades and the east aegean islands. anafi has high floristic affinities with aegina as expected, but then, surprisingly, with the east aegean island of nisiros instead of the methana peninsula on the east coast of the greek mainland, thus highlighting the special phytogeographical position of anafi close to rechinger's line.
